, with an emphasis on water-related aspects of these guidelines. The recommended actions at the project level depend on an enabling policy environment that prioritizes water use efficiency, nutritious diets, gender equality, and human capital development.
Irrigation contributes to agricultural intensification and farm profitability (Burney, Naylor, and Postel 2013; De Fraiture and Giordano 2014; Giordano and de Fraiture 2014; Giordano et al. 2012; Xie et al. 2014; You et al. 2011) , helps farm households to extend the growing season, and is increasingly important for farmer resilience to climate shocks and stressors. Until recently, there has been less attention to other benefits of irrigation, including improvements in household food security and nutrition, health, and women's empowerment.
Irrigation affects nutritional outcomes along the same pathways as broader agricultural interventions, but it does so in specific ways (Domènech 2015; Passarelli et al. 2018 ). These include a production pathway, an income pathway and a women's empowerment pathway. In addition, irrigation presents a potential fourth pathway to improvements in nutritional outcomes through water, sanitation, and hygiene (figure ES.1). 
FIGURE ES.1. Pathways from Irrigation to Nutritional Outcomes

Impacts on nutrition
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This note presents evidence for the effects of irrigation on nutritional outcomes for each hypothesized pathway. However, these pathways are only indirectly related to nutritional outcomes, and few studies assess the effects of irrigation on the more immediate determinants of nutrition, such as adequate food and nutrient intake and infectious disease, especially for children in the first 1,000 days of life. More evidence is needed to demonstrate the effects of irrigation and water management interventions on these direct determinants of nutrition and on nutritional outcomes. Water management and irrigation interventions provide farmers with a more reliable source of water for growing food, thereby increasing agricultural yield and profits and contributing to food availability and access, which ultimately affect household health and nutrition. However, evidence from the agriculture sector shows that interventions are more likely to directly affect nutritional outcomes when they intentionally address factors that are important for nutrition, such as those that incorporate health and water, sanitation, and hygiene practices or promote adoption of biofortified crops to address particular micronutrient deficiencies (Ruel, Quisumbing, and Balagamwala 2018) .
Note
Effective integrated approaches must also consider the challenges and opportunities that cut across sectors, such as those related to climate change. Climate change largely affects agricultural producers through changes in water availability because of changing rainfall patterns; more frequent and extreme droughts, floods, and storms; and higher rates of evapotranspiration, which will increase the water demand of crops and the need for alternatives to rainfed irrigation in many parts of the world (Jiménez Cisneros et al. 2014 ).
Globally, key staple crops are expected to experience significant yield declines because of climate change, on average (Wiebe et al. 2015) . Lower yield growth could lead to higher food prices and therefore less affordability of food, lower calorie availability, concomitant changes in diets, and increases in childhood malnutrition in Sub-Saharan Africa (Fanzo et al. 2018; Ringler et al. 2010; Springmann et al. 2016) . Furthermore, the nutritional value of key staple crops is expected to be affected by climate change (Beach et al. 2019; Smith and Myers 2017) . Both trends pose a challenge for livelihoods, food security, and nutrition.
Irrigation is a key strategy to mitigate these risks. (Alaofè et al. 2016; Burney et al. 2013; De Fraiture and Giordano 2014; Passarelli et al. 2018 ).
Increased production of nutritious crops because of irrigation has also been shown to increase the availability of and access to nutritious foods for home consumption and through market purchases (Burney et al. 2010; De Fraiture and Giordano 2014; Namara et al. 2011; Namara, Upadhyay, and Nagar 2005) . Increased water access may directly benefit women and their children, given that increased rainfall has been linked to decreased risk of low birth weight for farm households regardless of household wealth, birth season, or country of residence (Grace et al. 2015) .
Production and nutritional outcomes depend on the type of irrigation intervention. For instance, studies of irrigated home garden production in Burkina Faso have found that irrigation programs increased production of fruits and vegetables, increased food security, and improved nutrition (Olney et al. 2015) . Similarly, Kabunga, Ghosh, and Griffiths (2014) have found that in Uganda, women in farm households producing fruits and vegetables have higher intake of these foods and better health and nutritional outcomes.
Although irrigation appears to increase production diversity and consumption of home-produced, micronutrient-rich foods (Alaofe et al. 2016; Passarelli et al. 2018) , there is less evidence for the link between increased production diversity and enhanced dietary diversity. In general, studies show mixed results: in some cases, increased production diversity leads to improved diet quality, but in other cases, it does not (Sibhatu, Krishna, and Qaim 2015) .
There is also little evidence for the link between irrigation and resilience to climate shocks and stressors.
Still, some studies show that irrigation interventions affect the availability and stability of food supply by enabling more cropping seasons, including during dry periods (Aseyehegn, Yirga, and Rajan 2012) , and by reducing the risks of rainfed production (Fox and Rockström 2003; Oweis and Hachum 2006) . A study in South Africa found that irrigating farmers were less likely to perceive climate change, as irrigation buffered droughts and heat stress (Gbetibouo, Hassan, and Ringler 2010) , and a study in Kenya found that irrigation was the most preferred climate change adaptation strategy of farmers, identified by almost half of all farmers interviewed (Bryan et al. 2013 ).
In theory, combining irrigated production with improved processing and storage practices would offer even greater potential for improved stability of food supply. More evidence is needed to determine the extent to which these value chain improvements would increase the benefits of irrigation.
Pathway 2: Increases in Household Income
Irrigation influences nutritional outcomes through a second pathway: the income pathway. Irrigation facilitates the production and increases the yields of higher-value crops, which can increase farm income through the sale of these crops. The literature from several contexts demonstrates that irrigation contributes to increased income from agricultural production (Burney and Naylor 2012; Passarelli et al. 2018 ).
An evaluation of a solar irrigation project in Benin shows that modern irrigation technologies increase consumption expenditures and increase asset accumulation while reducing poverty. Households that engaged in solarpowered irrigation had higher expenditures, including spending on total food purchases, nutritious foods, health care, and education (Alaofè et al. 2016; Burney and Naylor 2012) . Evidence from Ethiopia and Tanzania also shows higher income among irrigating households, which led to higher dietary diversity in the case of Ethiopia (Passarelli et al. 2018) . Several studies also point to employment benefits created by irrigation that expand the economic benefits and potential nutritional outcomes beyond the farm household (Namara et al. 2011 ).
Ex ante analyses on the regional scale also show considerable potential for further economic gains through the expansion of irrigation in Sub-Saharan Africa (Xie et al. 2014; You et al. 2011 (Curtis, Cairncross, and Yonli 2000; Marquis et al. 1990 ), soil contaminated with human and animal feces (Curtis et al. 2000; , and unsafe disposal of infant and child feces, contribute significantly to the diarrheal disease burden (Mara et al. 2010) .
Repeated episodes of diarrhea in young children contribute to growth stunting (Checkley et al. 2008) .
Evidence demonstrates an association between enteric infection and stunting independent of diarrheal disease or poor diet in The Gambia (Campbell, Elia, and Lunn 2003; Lunn, Northrop-Clewes, and Downes 1991) .
Irrigation can improve household access to water for hygienic and other domestic purposes. For example, van der Hoek, Feenstra, and Konradsen (2002) Because women often produce crops for home consumption, interventions targeted to women around irrigated home gardens have been shown to improve nutritional outcomes in some contexts (Burney et al. 2010; Iannotti, Cunningham, and Ruel 2009; Olney et al. 2009 Olney et al. , 2015 . Similarly, in terms of the income pathway, women also have different preferences compared with men for how income is spent, and they tend to prioritize food and health care purchases ( 
Maintain and Improve the Natural Resource Base
Productive livelihoods and resilience that are essential for food security and nutrition depend on the quality and availability of land, soil, and water resources.
Conservation and restoration activities, including reforestation programs, wetland restoration, or buffer strips to reduce nutrient and sediment runoff from agricultural land into waterways, can affect downstream sedimentation, runoff, fisheries, and agricultural productivity.
Transboundary water policies also need to consider the food security and nutritional implications of water availability, quality, and continuity of supply for all users. The current body of evidence on the links between irrigation, water management, and nutrition provides important clues as to what nutrition sensitive enhancements are needed to achieve greater impacts on early child nutrition.
Equip Cooperatives, Agricultural Extension, and Water User Associations for Nutrition and Dietary Considerations
The following approaches are recommended to increase the nutritional impact of irrigation and water management investments.
4
Leverage community platforms to deliver nutrition messaging 
Leverage Community Platforms to Deliver Nutrition Messaging
Other community-based platforms that target pregnant women and households with young children could be equipped with information and messaging to promote household nutrition and healthy diets and reinforce the messaging through the irrigation-related platforms.
Schools, health centers, savings groups, and so on, are present in most communities.
Engage Women in Irrigation Interventions
Inclusion of women cuts across all pathways to influ- 
Promote Nutrient-Dense Crops and Incorporate Home-Gardening Components in Irrigation Projects
Promotion of nutrient-dense crops could lead to improvements in household nutrition, in which a portion of that production is diverted to household consumption or in which these crops make their way to be sold in local markets, benefiting a wider population.
This includes promotion of biofortified crops to address micronutrient deficiencies. In some parts of
BOX 4.1. Strengthening Water Security and Resilience in Somalia
The Water for Agro-Pastoral Productivity and Resilience Project aims to tackle water for both crop and livestock productivity and community resilience. Somalia is subject to repeated cycles of devastating droughts, averaging one every 4 years, and has experienced five major flood events between 2006 and 2018, affecting hundreds of thousands of people. The last drought in 2016-17 led to 6.2 million Somalis requiring humanitarian assistance and close to 400,000 reported cases of acute child malnutrition. Livestock losses were estimated at US$2 billion, with people losing between 40 and 60 percent of their herd. The proposed project will provide access to multiple-use water resources (for human consumption, livestock, and small-scale irrigation) in dry lands of Somalia. The small-scale water infrastructure will be designed to deliver both improved human health outcomes and water for productive uses, including agricultural production as well as agroforestry services for landscape restoration. 
Incorporate Irrigation into CommunityBased Platforms for Rural Service Delivery
Social protection and livelihood programs use community-based platforms for delivery of small-scale infrastructure, as well as financial safety nets that protect households from shocks and provide resources for recovery (see box 4.2). These programs often use targeting systems that enable both geographic and demographic (first 1,000 days of a child's life) targeting of
BOX 4.2. Linking Public Works Projects with Water Management and Irrigation
The Ethiopia Productive Safety Nets Project (PSNP) is a core element of the government of Ethiopia's pro-poor development agenda. The World Bank supports PSNP through an Adaptable Policy Lending (APL) instrument with the overall development objective to reduce household vulnerability, improve resilience to shocks, and promote sustainable community development in food-insecure areas of rural Ethiopia. The project targets chronically food-insecure households with safety net transfers based on completion of public works labor and/or soft conditions related to health and nutrition. Now in its fourth phase (PSNP IV), the project has continually harnessed evidence from ongoing impact evaluations and targeted studies to inform the design of implementation and improve outcomes. 
Production and Income Pathway Indicators
As shown in the framework, one of the key pathways to improved nutrition is through changes in food pro- Average Crop Production, Intensity, and Diversity
Irrigation has been shown to increase crop yields, the first step in the production pathway. Yields of irrigating households can be used to measure the effects of irrigation on crop production, and disaggregating these yields by crop type can explore how irrigation enables farmers to grow more nutrient-dense crops. Irrigation interventions may directly promote the adoption of micronutrient-rich foods, such as leafy green vegetables or orange-flesh sweet potatoes, but even where these are not promoted, farmers may choose to plant such crops for practical and economic reasons.
Crop yield per unit of area is an indicator traditionally used to determine cropland productivity. Data for calculating crop production, diversity, and value of production can be collected using agricultural household surveys, such as those administered by the Living Standards Measurement Study (LSMS). 2 These modules can also be used to measure the share of production that is allocated to consumption, sale, seed, and so on.
Market-Level Dietary Diversity
Poorly functioning markets in rural areas could form an important factor that influences access to and con- 
Women's Empowerment Pathway Indicators
Given that women's empowerment can influence decision making over production and income, the extent to which women are empowered with access to agricul- 
Training and Communication of Behavior Change Messages on Diet and Nutrition
The enabling environment for better household nutrition is supported through complementary messaging on healthy diet and nutrition that can be integrated into irrigation and water management investments using existing platforms or leveraging other community-based platforms.
Measuring Health and Nutritional Outcomes
Irrigation can potentially affect health and nutritional outcomes through changes in diet, changes in health care practices and risks, and the WASH environment.
However, including health outcomes in the project results framework raises issues of attribution and cost.
These challenges are outlined here for various outcome measures. It is uncommon even for health operations to measure these outcomes. For multisectoral projects that adopt a convergence approach, it may be appropriate to measure health and nutritional outcomes at the program or portfolio level so that projects share accountability for health and nutritional outcomes and no single project claims attribution.
Diarrheal Disease
Prevalence of diarrhea is relatively easy to collect, but it is highly variable and requires large sample sizes to estimate with precision. Self-or caregiver-reported diarrhea can be biased downward because of placebo effects, social desirability bias, and recall attenuation bias; therefore, such reports may show impact where there is none. Moreover, diarrhea is caused by multiple factors, and without an appropriate research design to attribute causality, data may not be sufficiently specific to demonstrate impact.
Measures of diarrhea include incidence of diarrhea in previous 7 days (or 2 weeks) for children under 5 years of age or for adults, symptom-based recall of watery stools and three or more stools per day, or blood in stool.
Anthropometrics
Child anthropometrics are objective measures of nutrition, but they are costly to measure because they require specialized equipment and well-trained staff. 
Stunting
Stunting is defined as the share of the population of children under 5 years of age whose height-for-age z-score (HAZ) or length-for-age z-score (LAZ) is less than two standard deviations below the median of the reference population. National-level statistics on prevalence of stunting are typically updated every 5 years.
In some cases, figures are available at regional, provincial, or district levels.
Body Mass Index of Women of a Reproductive Age
Body mass index (BMI) is one measure often used to assess the nutritional status of women of childbearing age. BMI is an individual's weight in kilograms divided by the square of that person's height in meters.
BMI can be used to screen for weight categories that may lead to health problems. A high BMI can be an indicator of overweightness and obesity, and a low BMI can indicate someone is underweight.
Anemia
Anemia, measured by levels of hemoglobin in the blood, is an objective measure of nutrition, but it requires a finger prick, specialized equipment, and training, which may not be practical for most projects. (2010) report.
